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ABSTRACT 

\ - ■ - ' • " ' ' _> 

The  Physiological  principles  concerned  in  load-carrying  into  battle 
are  explained.  Experimental  procedures  are  outlined  which  nay  be  used 
in  the  testing  of  equipment  produced  in  the  future  and  which  were  used 
to  enable  the  deductions  to  be  made. 

The  equipment  which  was  used  for  load-carrying  in  the  experiments 
is  described  and  orlticised  and  suggestions  are  cade  as  to  how  it  may  be 

improved. 

The  military  requirements  of  and  for  carrying-equipment  in  the 
Army  are  considered  and  it  is  urged  that  the  whole  problem  of  design  of 
clothing*  fighting  order*  marching  order  and  equipment  for  porterage  is 
co-ordinated  before  the  design  of  any  one  of  these  proceeds  further. 

It  is  concluded  that:- 

(a)  Carriage  of  loads  cm  the  hips  is  preferable  to  other  methods; 

(b)  Less  musoular  effort  is  required  to  oarry  loads  vhen  these 
are  dose  to  the  body  and  disposed  in  a balanced  fashion. 

It  is  reccnmended  that:- 

(a)  Battle  order  should  consist  of  & long*  thin*  narrow  paok 
supported  on  the  hips  at  the  back.  Pouches  should  be 
supported  on  the  hips  at  the  front; 

(b)  A small  working  party  should  oonsider  how  these  rec emendations 
oan  best  be  achieved.  It  shculd  consist  of  an  experienced 
Infantry  Officer,  representatives  from  S..7.V.I.,  and  M.O.S., 

a Time  and  Motion  Study  expert  and  a Physiologist. 


UNCLASSIFIED 


ARMY  OPERATIONAL  RESEARCH  GROUT 
REPORT  NO.  H/50 

TOE  DESIGN  OF  LOAD  C.  JRY1N&  E'UIHlENT  FOR  IKK  mT.nrCTj  m BATTLE 


CONTENTS 


Introduction 

Physiological  Principles 
The  load  to  be  carried 
Disposition  of  the  load 
Elimination  of  local  strain 

Note  on  experimental  investigation  of  local  strain 

Maintenance  of  normal  posture 

Maintenance  of  normal  gait 

Chest  freedom 

Ihemal  stress 

Skin  pressure  and  skin  friction 
Steady  pressure 
Bouncing  of  the  load 
Frictional  effects 

■Development  of  the  -'.QRG  Prototype  equitnent 
The  pa ok 

Preliminary  trial* 

Suggestod  modifications 

Military  considerations 

Conclusions 

Recommendations 

Acknowledgements 


Appendioos 

Carrying  equipjont  for  the  Infantry  Soldier,  an 
opinion  survey 

ELeotrouyographio  investigation  of  load  carriage 
on  the  hips  and  on  the  shoulders 

Experimental  investigation  of  load  "balanoo" 

Experiments  on  local  sweating 


Par*xra vh 
1 

5 

6 

7 

11 

12 

14 

18 

22 

23 

32 

34 

35 

38 

39 

40 
47 

49 

50 

56 

57 

58 


ArroanrH  t 


Study  No,  242 
Roquestod  by  SA/'iC, 


UNCLASSIFIED 


ARiY  OPERATIONAL  RESEARCH  GROUP 


HEFORT  NO,  11/50 

-OK  LOAD  carrying  BTJimaiT  pop,  the  saunro  m mw™ 

" - • 

Prepared  by:-  O.C.J.  Lippold  . , 

•.  P.P.D.  Naylor 


••  • INTRODUCTION 

• > . -*  -fr  - > 

1.  Although  modifications  in  the  pres  on  t type  of  wob  oquipoont  have 
been  made  several  times  sinoc  its  introduction  in  1908  the  design  has 
remained  basically  the  same.  This  design  has  a number  of  unsuitable 
features  and  it  has  become  increasingly  apparent,  from  both  military  and 
physiological  considerations,  that  a completely  now  doaign  of  fighting 
order  is  ncoossary, 

2.  The  pattern  now  in  Ufeo  (1937  type)  has  many  undesirable  features. 

Prom  the  military  point  of  view  the  sido,  front  and  prone  silhouettes  are 
unnecessarily  largo,.-  The  basia  pouohes  suspended  on  the  a host  make 
crawling  difficult  and  lying  close  to  the  ground  impossible, 

* ’ * *. 

3.  From  the  physiological  standpoint  many  faults  in  dosign  are  apparent. 
The  weight  of  the  pouches  and  small  pack  Is  supported  by  the  shoulder 
girdle,  which  entails  the  continuous  contraction  of  relatively  weak  muscles 
to  keep  the  shoulders  elevated.  The  result  is  early  fatiguo  and  iisoomfort 
in  those  muscles.  Occasionally  this  has  been  followed  by  a drop  of  the 
clavicles  with  resultant  compression  of  tho  braohial  ploxus  and/or  tho 
subclavian  artery  which  gives  rise  to  numbness  and  paralysis  of  the  arms, 
(Stammers  P.A.R. , Lanoot,  CCLVTII,  605.  1950),  The  straps  over  the  shoulders 
are  narrow,  giving  rise  to  high  pressure  on  tho  skin;  this  causes 
considerable  discomfort  because  the  clavicles  are  close  to  th:  surface, 

with  no  cushion  of  fat  or  nusclc  intervening, 

A,  ’7c rk  has  been  carried  out  at  AORG  in  order  to  o lucid.". to  tho  Under- 
lying physiological  principles  involved  in  load  carrying.  It  is  hopod 
that  tho  knowledge  thus  obtained  will  enable  these  and  military  require- 
ments to  be  combined,  producing  a .design  satisfactory  from  both  points  of 
view. 


PHYSIOLOGICAL  PRINCIPLES 

5,  In  tho  design  of  equipment  for  load  carrying  it  is  necessary  to 
consider  the  normal  functioning  of  the  individual  with  spocifio  roferenoo 
to  the  tasks  which  he  will  haVe  to  perform  when  fighting,  in  order  that 
those  nay  be  impaired  to  as  snail  aij  extont  as  possible. 

Load  to  be  carried 

" S 

6.  The  physical  performance  of  a nan  is  at  its  peak  when  ho  is  unladen. 
Obviously  this  is  impracticable  in  warfare  when  weapons  have  to  be  oorriod 
by  each  nan.  Any  load-carrying  will  impair  to  some  extent  the  physloal 
performance  of  the  soldier.  Cathoart  showed  that  when  tho  load  which  a • 
non  ca.it i o 8 oxoeeds  35^  of  his  body  weight,  expenditure  of  energy  booonos 
disproportionately  large,  V/hothor  this  disproportionate  rise  in  expenditure 
of  energy  also  means  a disproportionate  riso  in  rate  of  fatiguo  is  not  eloar. 


It  is  uninportant,  bocauso  the  basic  fact  remins,  that  the  greater  tho 
load  the  greater  tho  fatigue,  and  therefore  the  load  should  be  undo  as 
light  as  possible.  This  is  the  cost  important  single  point  conoominr 
load  oarrying  into  battlo. 

Disposition  of  tho  load 

7'  . ^ order  to  assoss  the  norits  of  the  various  fundamental  uothods  of 

oarrying  loads  it  is  nocossary  to  doviso  objective  techniques  which  will 
tC  nade*  3uch  techniques  are  alHabor^torv 
whlch»  fron  thc  Point  of  view  of  indicating  the  dosig£  of 
carrying  apparatus,  ore  at  loast  as  important  as  tho  sub- 
jective ncthods  employed  in  fiold  trials. 

6‘  ..  t0°  Httle  of  this  work  has  been  done  in  tho  past,  and  zsst 

£,  * ^ Utoraturo  deals  with  notabolisn  experiments,  the  details  of 

described  by '.roller  (Proc.  Roy.  Soc.  B.  637^66,  1920 ). 
significant  differ  on  cos  in  the  energy  expenditure  for  different  ncthodn 

110  Investigated  various  typos  of  carrier  used  in  industry 
oorrying',703  t0  ^ thC  rjnxtiM'i  Q°°nonio  loaa  for  nost  typ^of 

Tho  insults  obtained  in  thoso  and  other  experiments  indicate  that 
there  are  four  essentials  in  tho  design  of  any  load- carrying  apparatus , 
vO  one urc  a niniuun  expenditure  of  energy  in  use*  Those  nro  i - 

(a)  Elimination  of  looal  strain, 

(b)  Tho  naintenanco  of  normal  posture, 

(o)  Tho  naijitonanco  of  a norml  and  fi<oe  gait, 
t')  Ohnst  froodnew 

I?*,  ^proportion:-. to  expenditure  eC  c^gy  does  not  necessarily  mean 
disproportionate  rate  of  fatigue.  In  the  absence  of  evidence  on  thiT 
13  rcasomblo  to  keep  expenditure  of  energy  at  a ndninun. 
Pdrthoracrc  the  four  factors  quoted  above  are  also  those  whiST^notc 
bodily  confort  und  caso  of  perfomanoe  of  nilitary  tasks.  Forthe^u 
reasons  it  is  therefore  desirable  to  see  how  load-c*rtying  equipment  ervn 
be  designed  to  confom  with  these  requireuonts.  11  ^ 

Elimination  of  local  strain 

Sbggg;  ;*g*  *» *. Sm.  ’« 

particularly  if  these  nusolus  :atc  won k ones.  This  diffioul+v  a 

^C°tly  j°  j portion  of  thu  skcI°ton  wh^ch^ 
tran^.  ,it  -h„  weight  to  tno  ground  without  tho  intervention  of  "strut 
Muscles  . There  nro  two  lr.ya  of  doing  this:- 

(a)  Carriage  on  top  of  tile  head. 

Altho^h  this  Method  t ho oroti oally  enables  loads  to  be  cri-ricd 
vdthout  the  use  of  nuscles,  Bodalc  observed  that  tho  unst-^lc 
position  of  such  a load  leads  to  a state  of  increased  muscular 
tension  - particularly  in  thc  nock  and  shoulder  rog£n,  £ 

Sr^tioM^  UCth°d  13  °bVlOU3ly  quit0  ^citable  for  mutiny 

(b)  Carriage  of  weight  on  the  hips. 

The  actual  Method  of  doing  this  will  be  discussed  Later. 

« was  decided  to  investigate  this  method  of  load- carrying  in 
order  to  determine  Aether  it  did,  in  fact,  Kduoottu— 
of  continuous  Muscular  contraction  j»oessary. 


Note  on  experimental  investigation  of  looal  strain 

12.  '.7hon  a muscle  contracts,  the  individual  fibres  of  which  it  is 
conposod  davclop  ninutc  action  potentials.  Electrodes  placed  over  the 
belly  of  any  muscle  pick  up  volleys  of  those  olootrioal  impulses  through- 
out tho  duration  of  its  contraction.  During  relaxation  little  or  no 
olectrical  activity  takes  place.  Thus  it  is  possible  by  using  suitablo 
amplifying  and  recording  apparatus  to  doteruino  the  presenoo  of  activity 
in  any  muscle  or  group  of  nuscles. 

13*  A rough  comparison  can  be  made  in  this  manner  of  tho  activity 
of  a group  of  nr  roles  when  loads  arc  carried  in  different  ways.  It 
will  bo  soen  from  the  details  given  in  Appendix  B that,  in  general, 
muscular  contraction  is  less  in  the  muscles  of  the  back  and  shoulder 
girdle  when  the  load  is  supported  by  the  hips,  than  issthe  oaso  when  it 
is  supported  on  the  shoulders.  This  agrees  with  the  conclusions  arrived 
at  from  theoretical  eons idorat ions. 

Tho  maintenance  of  normal  posture 

liw  The  normal  posture  of  a person  carrying  a load  nay  be  disturbed 
for  several  reasons: - 

(a) -  The  load  is  too  heavy; 

(b)  The  load  is  not  suitably  attached  to  the  body.  Tho  arms 
may  have  to  bo  employed  to  steady  or  hold  tho  load;  or 
the  back  any  have  to  bo  bent  to  oarry  it; 

(c)  Tho  load  is  too  bulky,  (o.g.  in  order  to  carry  a bulky 
suitcase  tho  am  carrying  the  cose  must  be  held  out  at 
an  angle  from  tho  body  in  order  to  hold  the  case  away 
from  the  legs); 

(d)  The  load  is  not  properly  balanced. 

• 

15.  In  a static  system  in  oquilibrlun  the  Contra  of  Gravity  lies  over 
the  base.  The  feet  of  a standing  man  form  the  base  of  such  a system 
and  tho  centre  of  gravity  normally  lies  over  a certain  part  of  the  feet. 

If  a load  is  plaoed  upon  his  back  tho  centre  of  gravity  is  displaced 
backwards  and  his  equilibrium  disturbed.  In  order  to  restore  the 
equilibrium  he  must  bend  forward  so  that  the  centre  of  gravity  is  again 
brought  over  the  sane  port  of  the  foot.  To  maintain  this  new  posture, 
constant  activity  in  certain  muscles  is  nooesaary  and  a greater  output 

of  energy  is  needed  than  in  maintaining  the  posture  normally  taken  up 
by  an  unladen  inn, 

16.  Floyd,  i using  an  elootro-nyograph  on  unladen  subjoots,  has 
shown  that  in  maintenance  of  posture,  there  is  least  continuous  aotivity 
in  the  nuscles  of  the  back  and  abdomen  when  tho  subject  is  in  tho  up- 
right stance.  Slouching  and  bending  forward  increase  the  muscular 
activity  considerably,  Floyd  did  not  experiment  with  laden  subjects. 

But  .from  his  work  it  night  be  predicted  that  the  muscular  offort  necessary 
to  maintain  posture  in  the  ladon  subject  would  bo  a minimum  whon  the 

load  \ic  3 so  arranged  about  his  body  that  the  centre  of  'gravity  rerun inod 
In  the  ' 31  Plnoo  as  in  tho  unladon,  upright  body.  Any  displacement 
of  the  centre  of  gravity  would  increase  tho  amount  of  activity  noocssary 
to  maintain  the  standing  posturo, 

17.  Experiments  were  designed  to ‘tost  this  prodiction;  they  are 
described  in  detail  in  Appendix  C,  They  showed  that  in  standing  and 
enrobing  non  with  loads  variously  disposed,  muscular  aotivity  oonoortied 
with  maintenance  of  posturo  was  at  a niniuun  when  the  load  was  so 
balnncod  that  there  i3  no  disturbance  of  the  body's  normal,  statio 
oquilibrim. 


I 


Maintenance  of  a nomal  and  freo  gait 


ILnl  111  the  Penance  of  a 

(Q)  8Ubj0Ct  ^ ^ ^ if  tho 

(b)  £■£?£?  ^ -*1"*  ’»  <*«*«*  Posturo  onuses  an 

(0)  ^ht  °f  th°  C°ntrc  3f  £™ity  of  the  load  above  tho 

in*  the  *f  w^-~.  alterations  will  occur 

The  highe?  the  load  £ XS/S  frJSZ  ^ mk?8  ^th  thu  "a*!®!. 

Dent  of  tho  vertLV  erector  will  bo  the  displace- 

2S  S‘£  S 

M ”“ch  k“  **?«« 
(l)  ■”  «— 

(1)  QuicJOy  novinp  the  feet  to  He  under  tho  oentro  of 

^ the  load  ^*ioh  in  effort  is  a sr.ll 
staggering  novonont; 

(i0  th^  V "r?Ctl*  0PPosito  to  the 

IftSttoS^cr  (which  ont'lils  the  usc 

are  to  the  ef^vit^  of  tC'bodv^th^0  °0‘:Ip0ncnt  v°rte  °f  the  load 

notions,  for  the  further  nmy  th^J  ^3?31°fL^thoso 

boom tiu  of  the  load  and  n lar^  a^l^  eroft*or  l411  bc  thc  angular 
corrective  novenente.  ° nn^-u3nr  Doacntua  inpodcs  nooossary 

•ilc  ^bS^ua^^hlhf^g^  *«*«*.  tho  greater  tho 

Stops  of  a normal  length  nan  th™  v without  ^°ss  of  balance  occurring 

ground,  cnusina  deSation^f  tL  hot  ^nness  in  the  ^ 

such  a largo  uovwont  0f  the  eon  hr  ^ froaJ'^  vortical,  will  not  cause 
the  gait  of  th^  £Sd  o^S.  L W «"  1033  to  upset 

properly  balanced,  carried  as  clo"  to  th°  loAd  liKht»  having  it 

Possible  (but  not  interf cr inr  ^ith  tK  ^ r'3  and  as  low  as 

gait  my  bo  m^tainodf  ^ novcvnt  of  the  legs),  the  normal 

Chest  freednn 


22. 


This  my  bo  interfered  with  in  fan,  ways:- 

w rs  stjzjszs ta  *■“  * * »*  i"«- 

rjLSEJS  2 ^ - **  *»* 

the  subject  hold  hWlf S£  i, 

to  nomal  respiration.  ^ S ™ thio  is  r*  Wndrano 


D 


(b)  Direct  pressure  on  the  chest  by  weights  or  strops  also' 
hinders  norr.nl  respiration. 

Thermal  stress 

23.  The  body  tonporature  is  maintained  by  the  balance  of  hoot 
production  end  hoot  loss.  Exercise  greatly  increases  heat  production 
because  only  part  of  the  energy  liberated  by  the  chemical  changes  in 
uusdo  is  converted  into  mechanical  work,  the  remainder  being  evolved 
as  heat.  This  heat  must  bo  lost  if  tho  body  terser" tune  is  to  remain 
within  normal  limits. 


24.  Heat  is  lost  from  tho  body  by  convection,  radiation  and  in 
vaporisation.  Under  conditions  of  stro.»uous  exercise  a largo  proportion 
of  tho  total  heat  is  dissipated  through  vaporisation.  If  during  exorvia 0 
tho  balance  is  to  be  maintained,  and  an  excessive  rise  in  body  temperature 
avoided,  heat  production  must  be  at  a minimum  and  heat  loss  by  vaporisation 
must  be  as  free  as  possible. 

25.  The  stimuli  for  the  production  of  sweat  are:- 

(a)  A rise  in  body  temperature  directly  affecting  the  hoat 
regulating  centre; 

(b  : Through  reflexes  from  the  nerve  endings  concerned  with 

temperature  perception  in  tho  skin. 

26.  It  is  desirable  to  avoid  an  excess  +vc  rise  in  body  temperature  but 
once  it  has  occurred  and  sweating  has  resulted,  the  sweat  must  be  allowed 
to  vaporise  freely,  not  only  to  reduce  body  temperature  again  tn  normal 
but  also  because  sweat  accumulation  per  so  is  undesirable^ 


27, . Over  short  periods  clothing  becomes  saturated,  ir  which  condition 
1.  is  a better  conductor  of  heat.  This  i3  advantageous  during  tho  actual 
exercise.  Y.'hen  exercise  onuses,  however,  tho  damp  clothing  muses  rapid 
heat  loss  with  consequent  chilling  and  attendant  ill  effects,  unless  a 
ch.Jige  a.  clothing  is  available.  Over  longer  period^  sodden  skin  predis- 
poses to  gkip  disease  and  also  is  more  susceptible  to  "pftsUsta-e  and  chafing, 
bince  area  of  sweat  accumulation  are  also  areas  of  weight  bearing, 
blistering  and  uloeration  of  the  skin  may  result.  It  is  therofore  nooessai 
to  consider  the  factors  which  affoct  the  accumulation  of  sweat  on  the  skin 
ana  now  they  may  be  avoided. 


2f  * aj°^’ulation  of  8WSat  on  the  skl«*  ' ter  its  production,  occurs 

.dien  the  humidity  of  the  air  layer  immediate  to  the  skin  is  high.  The 
humidity  of  this  layer  depends  partly  on  general  atnosphoric  humidity  and 
partly  upon  the  rate  of  exchange  of  this  layer  with  atmospheric  air. 

The  rate  of  exchange  of  this  oontact  layer  is  controlled  by  several  factors: 


(a)  In  hot  weather  or  during  exercise  the  skin  must  be  uncovered 
over  as  large  an  area  rs  possible  or,  if  covered,  air  must  bo 
allowed  to  circulate  freely  under  the  clothing  and  out  again. 
There  must  be  no  unnecessary  areas  of  material,  especially 
if  tight  fitting,  covering  tho  3kin; 

(b;  Hie  air  spaces  under  the  clothing  must  not  be  divided  by  straps 
into  a series  of  relatively  air-tight  compartments; 

(c)  \/herever  possible  tho  load  should  be  supported  away  from  the 
skin; 


(d)  Weight  bearing  areas  should  bo  small.  (This  clashes  with  the 
requirement  of  hnvinp  these  areas  as  large  as  possible  to 
diminish  prossuro  per  unit  r.rea#  A conproL&se  mist  therefore 
be  effected  botween  the  two.  (See  para. 34  below). 


^hioh  13  difricult  to  distinguish  between  snail  differences 

USt^  ?t  slothinc  .^seabiies  have  upon  the  total  volune  of  sweat 
b **  *“  therefore  correspondingly  uore  difficult  to  distinguish 

w'“  ■*“ 

TOrl0U?  t5rp0E  nf  c quipnont,  differences  .in  rr.to  and 

production °n  '*?  a3re  important  than  total  sweat 

production.  They  also  vary  noru  ,.J  are  therefore  easier  to  uoasuro. 

ox  swoat  is  indicated  by  an  area  of  colour  change,  the  ox*nr»*  , *•  «mav 

L"SSSxISt0^FhiC 

Skin  pressure  and  skin  friction  « 

32.  Whoa  loads  are  orxried  for  a lanr  tine  the  ill  <. 

- **■«  - “« *«»  >•«. 

(a)  Steady  high  pressure  on  oertnin  areas  of  skin; 

(■  ) Variations  of  pressure  on  certain  areas  nausea  by  parts  of  the 
equipment  bouncing  against  the  body; 

(c)  Movenent  of  the  clothing  and  cquiptient  relative  to  the  3 kin 
causing  friotional  effects.  ' 

&.«**■?*  fnctors  booo.io  excessive,  redness,  blistering 

t>^iriV+/'nd.P'"infUl  ulcoir'tion  °f  the  slrin  result.  hrperticntal^rk  on 

°f  the3°  fr‘ctaro  in  producing  ill  effects  needs 

of£~l°Ut  vMld  “ 13  i?tendca  t0  *>  this  « soon  as  f^mtios^t 
•lORG  or  elsewhere  beoooe  available.  1 

Steady  prossuro 

^*tvn  ?^Urc'  ^ unit.aroc-  of  body  surface  is  directly  proportional 
to  th»  total  weight  carriea  and  inversely  proper ticral  to  thr> 

7r^iM.raewt. »pPiioa.  jjysSwTM:^; srLT* 

jf  supporting  skin  -lust  be  as  largo  as  possible,  /eivht  bearing  str-'ns 
woioht^f131  ^ br°?d*  In  ~d°r  t0  =Hn  rress^^oHhf 

body  is  iSrt^°  r'  unlfoni^  l3W  lcvol»  *»  fit  of  equipment  to  the 

Bouncin.-  of  the  lord 

35.  f/hon  a nan  is  wilting  at  noderate  pace,  "bouncinr"  of  the 

nevos  relative  to  the  body  at  each  step  end  'Wcing2  * h ^ 

'eront  parts  af  the  body  novo  .fith  different  frequencies  ana 
,lUr^n€  nomal  lcconotion#  Stolndlcr  1935  ftlech'mira  o-o  w ^ ■» 

& Pathological  Locomotion:-  Springfield.  ^ 

Section  thS  d^thehM  8bOUW^fZ  r'°V'  3li  'htly  ld3=  in  the  vertical 
exponents  in  the  notional*  tti  M^ot^csc^  to^'helKdSs^Sl^ 


or  walking  with  the  tacos  bent  throughout  each  step  takon;  a condition 
imposing  severe  strain.  Therefore  if  loads  have  to  bo  carried  when 
ruming,  bounoe  ip  nore  aovero  When  hip  support  is  used,  than  when  strops 
over  the  shoulders  are  used.  This  is  the  groatost  single  disadvantairo 
of  the  pelvic  carriage  method.  8 

• 

37.  V/hen  bone  immediately  underlies  the  skin,  skin  compression  is  highor 
than  when  soft  tissues  intervene  and  exert  a cushioning  offect.  Thoreforo 
weight  bearing  areas  should  have  an  adequate  thickness  of  tissue  ooverinr 
the  bones, 

Frictional  of foots 

38.  Movements  between  the  skin  and  clothing  and  equipment  must  bo  mini- 
mised. In  practioo  this  means  that  the  friction  be  two  on  skin  and 
clothing  must  be  so  groat  that  movement  does  not  occur.  Thus  statio 
friction  should  be  as  great  as  possible  and  kinotio  friction  at  a 


rfrvSLOH  Wi'  OF  THE  .dbg  PB0TOTYH2  HOUIHIENT 

39.  It  was  decided  to  attempt  to  produce  a fighting  order  which 
incorporated  the  physiological  principles  which  havo  been  outlined,  and 
the  assumption  has  boon  made  that  the  infantry  soldier  will  have  to 
carry  the  same  load  into  battle  in  tl*  future  as  he  has  been  carrying 

th^  Lost  proviso  does  in  fact  told  is  by  no  moans  oortain 
as  will  be  explained  later.  In  must  bo  stressed  that  the  attempt  which 
has  been  made  is  in  no  way  meant  to  be  a final  answer,  but  it  suggests  the 
linos  along  which  future  development  could  most  profitably  progross  once 
military  roquirementr  have  boon  more  clearly  defined. 

The  pa ox 

4°;  Tt  d?oidcd  thnt  thc  of  this  should  bo  carried  by  the 

pelvis.  The  ohoioc  lay  between  the  framed  ruc-sac  of  the  Barren  tvtxs 
and  the  nan-franod  typo.  In  the  framed  type  there  are  several  disadvant- 
ages. It  is  difficult  to  produoo  a franc  which  fits  comfortably  every 
size  and  shapo  of  soldier.  The  load  is  held  too  far  away  from  the  book 
which  is  undesirable  physiologically.  Hilit.arily,  it  enlarges  silhouettes 
and  restricts  trawling  through  under-growth  and  confined  spa oca.  The 
extra  W-’ight  of  the  frame,  if  strong  enough,  i3  also  to  its  disadvantage, 

41.  It  was  decided  therefore  to  adopt  thc  nor.  -frame  system.  A pack 
was  constructed  of  approximately  equal  volume  to  the  1937  tyoe  arnll 
pack  with  neasur orients  18"  x 9"  x 3".  (See  Figs.  1,  2 and  3.) 

J2*  Tho  weight  of  tho  pack  is  transmitted  to  the  hips  by  a flexible 
bolt  and  thc  top  of  the  pack  is  kept  in  contact  with  tho  shoulders  by 
broad  straps  which  take  practically  no  weight.  The-  pouches  arc  supported  by 
tho  bolt  and  carried  in  firoUnd  to  the  side  thus  balancing  the  load? 

Both  tho  pack  and  pouchos  arc  attached  to  tho  belt  by  moans  of  quick 
releaso  dips  so  that  thc  pack  only  may  bo  detached  in  an  emergency  or  tho 
pouches  may  be  detached  and  passed  to  another  soldier.  (Soc  Figs,  6 and  7.) 

t3*  Shape  tht  paok  not  only  lowcrs  the  silhouotto  but  also 

ensures  that  tho  centre  of  gravity  of  the  pack  is  low  down  and  close  to  tho 
rnn« 

I71*  th°  paclc  v'Qrc  found  t0  sufficient  stiffening  in 

^thou*  thd  "3C  °?  a frano.  There  was  a slight  sa<r  in  tte 
S^thfb.^kT3  f0Und  t0  b°  d08irnbl0  M it  ^ld  the  pack  slightly  away 

12  kept  to  a to  prevent  accumulation  of 

perspiration  but  at  the  same  tine  thc  straps  transaitting-woiaht  to  tho 
body  are  sufficiently  large  to  eliminate  discomfort,  X^dby  £cltro. 


k6.  Details  of  the  pack  and  release  clips  nay  bo  scon  in  the  photographs. 
(Fi*s.  4,5,6  and  7.) 

Raellnlnary  trials 

47.  Irclixiinary  trials  wore  undertaken  by  the  two  designers,  one  wearing 
the  1937  type  webbing  ahd  the  other  wearing  the  pro to typo  equipment. 

The  two  Wore  exchanged  on  alternate  days.  Marching  (10-15  nilos)  and 
olinbing  over  cliffs  and  rough  s^ound  with  full  equipment  wore  undertaken 
to  make  a comparison  between  the  two  typos. 

48.  Photographs  were  taken  in  order  to  conparo  the  silhouettes.  Sou 
Figs.  8 and  9.  These  showed;  - 

(a)  in  the  lateral  prone  firing  position-a  reduction  of  3 to  4 ins; 

(b)  v/hen  lying  as  close  to  the  ground  as  possiblo-a  reduction  of 

ins; 

(0)  in  the  forward  faaing  prone  position-a  reduction  of  3 to  4 ins, 
The  subjective  impressions  gathered  during  the  trials  wore  as  follows:- 

(d^  the  prototype  was  certainly  noro  coof  or  table  to  wear  than  tho 
1937  type  equipment  and  produced  no  looal  strain  or.  fatigue) 

(e)  tho  prototype  was  less  tiring  than  the  1937  typo; 

(f)  no  restriction  of  movement  was  apparent; 

(g)  swoa.t  accumulation  was  not  increased  in  tho  prototypo; 

(h)  bouncing  of  the  pack  was  oqual  in  tho  two  when  running  but 
not  exoesslve  in  oitlier; 

(1)  bouncing  of  tho  pouches  was  more  with  the  prototype  than 
with  the  1937  type  and  as  these  lay  across  bony  points  of 
the  pelvis  ir.nediqtcly  underlying  tho  skin  (the  anterior 
superior  iliac  spines;  a oortain  amount  of  dis confer t was  felt 
there,  after  a tine. 

Suggested  modifications 

49.  la  a result  of  these  trials  the  following  inprovenents  suggested 
thonsolvo  sit- 

fa)  The  distribution  of  tho  weight  between  the  hips  and  shoulders 
nay  be  altered  slightly  (by  noans  of  the  adjustable  buckles) 
so  that  the  shoulders  carry  slightly  noro  weight  than  is  at  . 

• presont  the  case.  This  two-point  suspension  from  tho  top 

and  the  bottom  should  reduce  the  bouncing  of  tho  pack  when 

leaning} 

(b)  Tlic  belt  should  bo  unre  easily  adjustable  in  girth; 

(b)  If  the  bolt  fastenings  are  nado  slightly  narrower  than  tho  belt 
itself,  3 lido  fastenings  nay  be  used  to  attach  tho  pouchos  to 
the  belt  and  these  nay  bo  slipped  off  the  bolt  when’ it  is  . ’ 
unfastened..  In  addition,  if  the  belt  is  undo  slightly  broader 
this  combination  should  ensure  greater  stability- of  tho  pnuches 
when  the  user  is  running; 


(d;  Instead  of  the  large  basic  pouches  at  present  used,  pouches  of 
about  half  the  size  nay  bo  attached  to  the  belt  in  front  cr 
at  the  sides  according  to  vfoether  the  usor  is  walking  or 
crawling.  Pockets  in  the  clothing  nay  bo  used  for  Bren-Gun 
Magazines  vhich  are  of  an  awkward  size  and  shape  and  thereby, 
at  the  n orient,  prevent  any  reduction  in  the  size  of  basic 
pouches. 


iKLITARY  CONSIDERATIONS 

50.  >/hon  the  military  rcovirenents  of  fighting  order  onne  under 
consideration  i-  was  soon  realises  that  the  investigation  would  have  to  be 
extended  to  inctuio  not  only  fighting  order  but  also  clothing  and  the 
neoessity  for  and  the  design  of  marching  order  and  equipment  for  porterage. 

To  consider  oi.c  snail  facet  of  the  whole  problen  would  lend  to  a groat 
wastage  of  res  march  in  design  anl  davolopnent  and  to  a wastage  of  material 
whin  the  equip  Ten;  cane  a „c  pi  eduction  and  use.  Overlaps  and  gaps  in  the 
field  of  vin.i.ty  of  the  differ:. it  equipments  so  produced  would  be  numerous. 

51  > Purt  1 .eruor e , unless  clothing,  fighting  order,  narehing  order  and 

equipuent  fer  po.reraga  are  all  developed  together,  sons  particular  principle 
Which  has  beei.  C.t-  ol opocl  in  one  .my  be  negated  when  this  is  used  in  oonjune- 
tion  with  another.  For  omnplc,  if  the  clothing  is  designed  to  be  used 
without  a belt  and  ihc  lor  I carrying  equipment  inccrp>or  o tea  a belt  as  an 
essential  pai't  of  it'?  design.  the  two  are  inoonpal  ible.  On  the  positive 
side,  deficiencies  it.  ore  item  coy  bo  nade  good  by  suitable  provision  in 
another  and  the  two  made  to  interlock  in  design.  For  example,  lack  of  a 
certain  .z<-  ai. 1 shape  pouch  in  the  fighting  order  cay  be  compensated 
for  by  t provision  of  suitable  pockets  in  the  clothing. 

52.  The  vhol3  pucblen  Jo  made  even  core  difficult  at  the  moment,  by  the 
state  of  f.'.ux  which  odists  in  the  field  of  clothing  and  by  the  change  which 
will  probably  take  pla.ee  in  the  type  and  design  of  weapons  and  mode  of 
transport  of  men. 

53.  These  factors  render  definitive  design  of  fighting  order  useless  at 
the  moment.  Tho  whole  ■problem  will  have  to  be  co-ordinated  and  decisions 
made  at  a high  level  as  to  exactly  what  is  required, 

54*  Several  designs  for  fighting'  order  have  been  made  recently  which 
show  promising  ideas,  Alto  many  more  suggestions  have  been  rmde  for 
further  designs-  Until  sv.-h  tine  as  the  whole  problem  has  been  co-ordinated, 
designs  and  ideas  will  continue  to  be  produced  in.  great  numbers,  each  one 
differing  from  the  ethers  to  a greater  or  lesser  degree.  The  number  and 
variability  of  such  designs  is  in  itself  a measure  of  how  indistinct  and 
vague  is  tho  final  goal,  it  Is  felt  that  tho  most  economical  way  to 
attack  the  problen  ir  to  cm  a team  consisting  of  an  experienced  Army  officer, 
a representative  from  „hi  Ministry  of  Supply,  1 Time  and  Motion  Study 
expert,  the  G.S,  branch  ocncemou  and  a Physiologist, 

55.  Appendix  A is  devoted  tc  a discussion  on  ideas  of  the  military 
requirements  which  have  been  prepared  from  the  user  point  of  view.  The 
lack  of  agreement  for  rrn'ng  military  requirements  is  shown  in  the  discussion 
vhich  repreporis  tv  j opinionc  of  Army  Officors  concerned  in  Operational 
Research  or  *‘  c development  of  fighting  order,  each  one  having  had  •onsider- 
able  user  exper-.e  1 00. 


CONCLUSIONS 


Superintendent,  i.O.R.G, 


°?  the  e^Pe^entnl  work  daacribod  and  the  theoretical 

f -h0  phyBiol°RiaQl  Principles  involved  in  load  carrying, 
curtain  conclusions  are  reached:-  J 

(a)  Carriage  of  loads  on  the  hipa  1b  preferable  to  other  nothoda; 

(b)  leas  nuaculnr  effort  is  required  to  carry  loads  when  these  ore 
close  to  ihe  body  and  disposed  in  a balanced  fashion. 


3tl  0nc^  recornendod  that  future  designs  of  battle  order 
have  the  following  features  incorporated  in  then:- 


wish  to 
preparation  ol  this  report  c 
and  uanuiacttiru  of  the 


for  the  design 


(a 

00 

(o) 


the  snail  pack 
-nu  narrow  in  shape; 


thin 


— wofHng  party  should  coordinate  all  the  load  carrying 
rrooixns  in  the  -imy  and  should  consider  how  these  reoornend^ 
ataorn  con  best  be  achieved.  It  should  oonsist  of  on  experi- 

'?ff"0PEr  Q reprase;ioatlve  fron  S.V.V.l.  and  tho 
Min  n jry  of  Supply,  a Tine  and  Motion  Study-  expert  and  a 


The  pouches  to  bo  carried  by 
pouches  should  balance  the  weight  of  the  pack; 


the 
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. Appendix  A 

Carr;  ing-Equipnont  for  the  Infantry  Soldier,  an  Opinion 

o'SE^taS?.  2*i“ “ 

con  flic,.  i.  ,M  opinlS  STSpSSSS  0mctS*  h°”  th'y 

(a)  Requirements  of  fighting  order. 

Opinion  (i)  The w cat  of  e-.munition  end  fighting  ipplemAnts 

;alj  hrvc  tc  =arry  will  probably 
. “ .-nT  futurc.  and  therefore  the  infantry- 

s^triSir^ to  ccwy  tut 

Ti?-ru  lu11,^  no  sr-at  c:*=ngC3  in  the  equipment 
rhioh  the  infantry  soldier  will  be  expected  to 
carry  into  battle  in  tho  future-  and  tho  weight 
and  volume  will  re.-e.in  substantially  tho  same. 

ammunition  end  fighting  implements  plus 
..iter  anu  a smir  a.xnmt  of  food  and  clothes.) 

Opinion  (iii)  In  addition  to  ammunition  and  fighting  implements 
quite  often  too  infantry  soldier  will  bo  expect  ad 
to  cadTy  substantially  more  than  is  at  present  tho 

or™  Psr  'ft1?}0*  'Vtlcr’  0n  R-tro1  h0  hevo  to 
carry  feod,  clochmg  and  bedding  for  several  dr-ys. 


Opinion  (ii) 


;'  -tiiod  of  carrying  fi-.htin,- 

order. 

Opinion  (1)  Everything  should  be  carried  in  multiple  pookets 

cither  in  tee  ner,. eel  fighting  garments,  or  a special 
it„.o.  of  c lotting  should  bo  issued  which  has  such 
pockets. 

Opinion  (li)  Arcuniticn  should  be  oarriod  in  pouches,  preferably 
Cc31?j  detachable,  and  the  rest  of  tho  equipment 
should  bo  carried  in  pockets.  P 

Opinion  (iii)  The  cnost  is  the-  only  accessible  position  for 
pouches. 

Opinion  (iv)  Pouches  nay  equally  well  bo  placed  at  the  back 
over  the  buttocks. 

Opinion  (v)  The  aerwnition  should  be  carried  in  pockets  or 

pouches  and  the  remainder  in  some  type  of  small 
pack* 

(•0  CaDuoity  of  ord-r 

froii  tii  ■ pr..3t*tPtvp  to  a4sputc*  Opinions  range 

•uffcwd  to* llaftoiiJ  * ’**»•*•  *“*  "«»  c 

on  pn,reln  S'  ££  “ 

US 'i  “nSS"”t3.on..,1t“ipr?!l”  *”  5W*  W* 

of  co.ifort  my  p-.csc  that  f*?®  thc  P°int  °f  view 

shoulders.  othfro  ^ on  thc 

by  the  pelvis,  Diff  r nt^d  ~ r ? bli  supported 

to  the  Question  of  ilhouettr^'  3 °f.ii»0rt'W9  attached 
eatremely  i^tlS^  * 
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(d)  Marching  Order 

Opinion  (i)  As  ammunition  and  fighting  implements  increase 
in  quantity  and  also  as  mechanisation  irq>  roves, 
the  infentry  soldier  will  bo  expected  to  oarry 
bedding  and  extra  clothes  less  often  and  tharoforo 
equipment  for  mat  chin,-  order  will  bo  needed  less'. 

Opinion  (il)  Marching  order  vrill  frequently  bo  needed  and 
provision  for  this  should  be  a general  issue. 

Opinion  (iii)  Extra  clothing  and  bedding  should  bo  placed  in 
an  extra  pack,  when  it  has  to  bo  carried,  and 
attached  to  the  fighting  order.  Provision  is 
made  so  that  this  nay  be  dropped  quickly. 

Opinion  (iv)  The  extra  clothing  and  bedding  should  be  placed  in 
a larger  pack  and  to  this  should  be  added  the 
contents  of  the  3nall  pack  of  fighting  order.  The 
snail  pack  nay  be  rolled  up  and  also  placed  inside 
the  larger  pack.  This  arrangement  renders  the 
change  to  fighting  order  slower.  But,  if  the 
ammunition  is  carried  in  separate  pouches,  it  is 
argued  that  the  large  pack  nay  bo  dropped  instantly 
and  the  3oldior  can  bo  ready  to  fight.  In  this 
case  he  i3  without  the  contents  of  his  small 
pack  which  some  people  consider  essential  for 
fighting  order. 

(c)  Equipment  for  porterage 

Opinion  (i)  Equipment  for  porterage  will  rarely  be  needed  and 
should  be  issued  when  required. 

Opinion  (ii)  Tliis  will  be  needed  fairly  frequently.  If  man- 
pack  carriers,  which  arc  considered  to.be  well 
designed  for  load  carrying,  arc  made  a general 
issue  they  will  cover  the  need  for  carrying 
marching  order  and  will  bo  available  for  porterage 
and  no  extra  equipment  will  therefore  bo  needed. 

It  is  argued  that  this  would  produce  n considerable 
economy  in  the  total  load-carrying  equipment  issued. 


Apax  B 


Appendix  B 

Electromyographic  inyc 3tir,  .lion  of  load  carriage 
on  the  hips  and  on  the  shoulders 


1.  When  a muscle- conti acts,  small  potentials  occur  in  the  individual 
fibre 2 of  which  it  is  composed.  Those  can  bo  recorded  using  suitable 
apparatus  , to  give-  a rough  idea  of  the  state  of  contraction  of  the  muscle. 

This  method  suffers  from  severe  limitations  in  its  application  for  several 

reasons. 

2.  Firstly,  only  those  muscles  directly  underlying  the  pick-up 
slectrodus  c n be  investigated.  Although  some  indication  of  the  activity 
of  .he  surface  musculature  can  be  obtained,  it  by  no  means  fellows  that 
the  3tatc  of  the  deep  muscles  can  be  deduced  fran  these  results. 

3.  Secondly,  the  electromyographic  method  differentiates  only  bct.xen 
contraction  and  relaxation  of  nusclo,  It  do-s  not  give  any  reliable  measure 
of  the  degree  of  contraction  of  a muscle.  hot  only  is  there  stray  pick-up 
from  neighbouring  muscle  groups,  but  when  muscles  contract,  their  relative 
positions  beneath  the  skin  change.  It  follows  from  thi3  that  any  system 

of  multi-channel  recording  of  muscle  action  potentials,  using  nunbers  af  skin 
clectroc.  s si  oruer  to  dif f orontiato  finoly  between  the  degree  of  contraction 
of  various  muscles,  is  bound  to  produce  extremely  misleading  results. 

I.  There  is  no  doubt,  however,  that  in  spite  of  thesu  difficulties  the 
electromyographic  method  has  a limited  application  to  load  carrying  problems 
in  that  it  i3  able  to  . ,ive  a rough  cunf lnar. ticn  of  the  expected  behaviour  of 
certain  large  muscle  groups.  At  AOjJG  experimental  work  has  been  .carried  out 
in  an  .attempt  to  differentiate  between  the  muscular  effort  involved  in  hip 
and  shoulder  oarria,,c. 

P 

5,  The  conclusion  has  been  reached  that  the  -lectrcEy-ographic  method  has 
no  place  in  routine  laboratory  tests  on  specific  carrying  equipments  especially 
when  diiier^nc.s  between  then  is  small,  although  it  is  of  use  in  the  compari- 
son of  fundamentally  different  ways  of  load  carriage. 

Methods  j- 

6,  Action  potentials  are  le'd  fron  the  muscles  by  skin  surface  electrodes, 
consisting  of  brass  cups  v inch  dia.  and  — inch  deep,  canivcted  via  5 inch 
ext,  dia.  pivcsur.  tubing  to  a Bunsen  vacuum  pump  Pig.  11.  Th.  cups  arc 
electrically  connected  via  earthed  balanced  twin,  law  impedance  cable  to  a 
push-pull  amplifier,  (Fi,>  10). 

7,  The  input,  balanced  with  respect  to  earth,  is  fed  to  a push-pull 
buffer  stage  followed,  by  a TonnieS  ccs.-prcei.or , wh.-.ch  gives  good  discrimination 
between  signal,  and  interference.  Two  further  stages  in  cascade,  drive  a 
cathode  rry  oscilloscope,  the  vertical  deflection  af  which  is  photographed 
U)>on  a continuously  moving  strip  of  bromide  paper.  The  overall  gain  is  such 
that  hen  using  electrodes  over  the  extensor  ir.dicis  longus,  elevation  of  the 
forefinger  r-sults  in  a vertical  dcflecticn  of  ihc  spot  by  about  4 cm.  The 
apparr.tu.  i.  sc  arranged  th-  t the  subject  is  able  to  ..oik  -tnl  run  a distance 
of  20  yards  in  the  open,  chile  records  arc  bein0  taken. 

Tlv.  electrodes  are  attached  to  the  subject  as  follows  (pic.  12). 
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(a)  Trapctius 

(b)  Cervical  part  of  sacrospirialia 
(o)  Thoracic  sacrospinalis 

(d)  Lumbar  sacrospinalis 

(c)  Over  abdominal  muscles  (rectus,  int.  and  oxt,  oblique) 

% In  all  cases  the  subject  stands  at  ease,  attention,  marches  and  holts, 
firstly  wearing  equipment  carrying  45  lbs  over  the-  shoulders  (1 937  pattern 
wob  equip,  ent),  secondly  carrying  45  lbs  on  the  pelvis  (AORG  prototype)  and 
thirdly  unladen.  Each  experiment  is  carried  out  with  electrodes  untouched 
from  beginning  to  end.  Four  subjects  took  part  in  52  experiments. 

Results 

10.  When  the  electrodes  are  placed  on  the  back  as  in  cases  (a),  (b),  (c) 

•nd  (d)  above,  very  considerable  difference  in  activity  of  the  underlying 
nusclc‘3  is  observed.  (Fig.  13).  Weight  carried  on  the  shouldor  girdle 
onuses  a continuous  oantr-ctiop  of  Tpnpczius.  and  the  sacrospinalis.  This  is 
the  ease  in  all  experiments. 

11.  In  most,  but  not  all,  experiments  there  is  lack  of  activity  in  these 
muscle  groups  when  weight  is  carried  on  the  hips.  Records  taken  from  tlx. 
abdominal  musculature  give  equivocal  results.  A very  fow  records  taken  from 
other  muscles  (limbs  and  back)  fail  to  reveal  any  significant  difference  in 
activity. 

Discussion 

12.  Th-  fact  that  there  is  considerable  activity  of  the  trapezius  and  of 
underlying  muscles  both  when  standin0  still  and  walking  with  tho  1937  type 
indicates  that  these  nsisclcs  are  being  used  to  keep  the  shouldor  girdle 
elevated.  When  the  weight  is  transmitted  directly  to  th;  pelvis  it  is  3ecn 
that  these  muscles  are  no  longer  in  continuous  use. 

13.  The  increased  activity  of  the  sacrospinalis  which  occurs  with  the  1937 
type  equip,  ient  wh-n  walking,  indicates  that  tho  high  position  of  the-  Centre 

of  Gravity  in  this  o;jjo  lands  to  a condition  of  increased  instability  eempared 
with  a method,  of  load  carriage  in  \/hich  the  Centro  of  Gravity  is  lower  down. 
This  increased  activity  of  tho  sacrospinalis  represents  the  force  necessary  to 
restore  the  body  to  the  vertical  after  its.  displacement  during  a step. 

14.  While  it  cannot  be  concluded  frem  these  results ’Slat  hip  carriage  is 
invariably  preferable'  to  shouldor  carriage,  other  factors  bein^  equal,  it  is 
reasonable-  to  suppose  that  a method  of  .load  carrying  involving  loss  muscular 
effort  to  support  the  load  is  the  mare  efficient. 
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Eicperifaent.il  investigation  of  load  "balance" 


!BChni,lUe  13  ^scribed  in  Appendix  B the  effects  on  the 
♦ k + f ^ , Gcie  ®roups  «»n  be  investigated  when  loads  are  carried  so 

’ ' ^ ar“  ™*ea*m  or  "unbalanced".  A Glanced"  load  is  so  dls^Ld 

tfet  2“*«K  °f  ?nVity  0<  vhC  CCWI*nont  p2rts  °c  the  load  coincides  with 
thot  of  the  body.  I*>r.ds  anty  be  unbalanced  laterally  or  anteroposteriorly . 

iiothoda 

in  /nerS<5l>ar  t0  Wei€h^  °f  lbs  oach  are  hunc  on  thc  shoulders  and  hips 
in  different  ways.  ihc  .activity  of  thc  saorospinalie  and  other  superficial 
nusclos  is  investigated  as  before, ' using  oloctrodo  positions  (a),  (b),  (c)  and 

Results 

3‘  Socn  fr0ci  41,0  tracings  produced  in  Fig.  14  that  the 

activity  in  all  cases  tends  to  be  ouch  increased  when  the  load  is  carried  in 
an  unbalanced  manner. 

discussion 

4.  Thc  fact  that  there  is  considerable  activity  of  the  beck  nusclos  when 
carrying  a weight  unbalanced,  indicates  that  dorsal  displacement  of  tho 
combined  contro  of  .gravity  is  compensated  by  a continuous  contraction  of 
the 30  muscles  in  order  to  fix  tho  spine  and  hip  Joints  in  a position  of 
ccnii-f lexion , - 

^ * When  the  weight  is  evenly  distributed,  as  in  the-  second  series  of  experi- 
ments, little  alteration  in  thc  vertical  projection  of  the  combined  ccntro  cf 
gravity  takes  place,  posture  is  normal,  and  there  is  little  or  no  activity  in 
tho  back  nuscics. 
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Experiments  on  local-  sweating 

1 . The  total  volume  of  sweat  secreted  by  the  body  in  a given  tine 
depends  mainly  on  its  expenditure  of  energy  during. the  period  an 1 the 
"effective  temperature"  of  the  envirhiaent.  The  effect  on  expenditure 

of  oncr^y  in  carrying  a particular  load  in  different  ways  is  relatively 
small,  so  that  any  resulting  change  in  total  sweat  rate  will  be 
negligible  over  short  periods* 

2.  Local  accumulation  of  sweat , due  to  failure  of  its  evaporation, 
is  a major  cause  of  discomfort  during  exercise.  Tho  design  of  load- 
carrying  apparatus  profoundly  influences  the  extent  of  sweat  accumulation 

_ when  it  is  worn. 

3.  To  demonstrate  the  degree  of  iiqsairment  of  sweat  evaporation  duo  to 
any  type  of  equipment,  tho  areas  of  the  body  on  which  tho  accunulaticn  of 
sweat  occurs,  can  be  demarcated. 

Methods 

4.  White  "Aertex"  vests  (largest  size  to  allow  for  shrinkage)  arc 
dyed  evenly  in  a saturated  solution  of  oobalt  chloride.  After  drying  in 
a forced  ventilation  heating  cabinet,  n vest  i3  donned  by  tho  experimental 
subject.  The  equipment  investigated  is  worn  over  the  vwst. 

5.  After  a standard  period  of  exercise  in  the  hot  chamber,  the  vest 
is  photographed,  front  and  back.  Areas  of  sweat  accumulation  appear 
bright  red.  Areas  whoro  <rr«on,&- bit*,  srooo.odn  normally  remain  blue. 

6.  Photography  is  rendered  difficult  by  the  oolturs  being  very 

un saturated  ( owing  to  the  use  of  the  white  vest).  Use  of  a minus  blue 
filter  oil  appropriate  type  together  with  panchromatic  film  gives  tho  best 
results.  Adequate  contrast  can  however  be  obtained  by  using 
orthochraaatic  film  and  a.  blue  filter. 

Results 

7.  rig.l  5 shows  tho  ccnpariscn  between  1937  type  webbing  and  the  ACHJ 
prototype.  It  can  be  seen  that  the  aroas  of  weight  bearing  show  sweat 
accumulation  in  both  types,  but  whereas  under  the  pack  and  the  numerous 
chest  straps  in  the  1937  type  arc  massive  accumulations,  the  A CBS 
prototype  gives  rise  to  very  few  additional  areas  of  sweat  accumulation. 
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